We estimate the effects of oil price changes on inflation for the United States, United Kingdom, France, Germany, and Japan using an augmented Phillips curve framework. We supplement the traditional Phillips curve approach taking into account the growing body of evidence suggesting that oil prices may have asymmetric and nonlinear effects on output and that structural instabilities may exist in those relationships. Our statistical estimates suggest current oil price increases are likely to have only a modest effect on inflation in the U.S, Japan, and Europe. Oil price increases of as much as 10 percentage points will lead to direct inflationary increases of about 0.1-0.8 percentage points in the U.S. and the E.U. Inflation in Europe, traditionally thought to be more sensitive to oil prices than in the U.S., is unlikely to show any significant difference in sensitivity from that in the United States and in fact may be less in some countries.
Introduction
Movements in oil prices have complicated the tasks of policymakers and business leaders over the past three decades. Increases in inflation during the 1970's have been blamed, in part, upon rapid increases in petroleum prices. The long decline in inflation during the 1980's and 1990's have in turn been associated with declines in oil prices. Hence, a clear understanding of the strength of the empirical linkage between oil price changes and inflation is key to the proper conduct of monetary policy. To the extent that firms must alter their pricing policies according to the inflationary environment, firm managers also need to perceive the links accurately.
While most of the examples that come to mind are historical in nature, it would be a mistake to conclude that the impact of oil prices on the macroeconomy is now unimportant. For instance, we are more familiar with, in September 2000, crude oil prices in the United States reached $37 per barrel, more than tripling from levels in December 1998. Similarly, average world oil prices increased from $9 per barrel to $33 per barrel. And while the oil market responded with additional production, oil prices remained high and volatile until the spring of 2001. As oil prices increased, so did concerns about increasing inflation both in the U.S. and abroad. Beginning in June 1999 through May 2000, the Federal Open Market Committee of the Federal Reserve Board, partly in response to increasing oil prices, increased the federal funds rate on six different occasions. In other countries, rising oil prices complicated central bankers' efforts to check inflation and moderate changes in exchange rates, a particular concern in Europe.
Even more recently, energy prices again took on a central role in 2003, as oil prices again breached the $33 mark as international tensions increased in the run-up to the Iraq conflict.
While prices fell substantially in the wake of combat operations, by January 2004, they had again risen to the comparable levels.
This study examines two related questions. First, what is the effect of increasing oil prices on inflation? Second, does the inflationary effect vary across countries? We answer these questions by exploring the effect of oil prices on inflation in the United States and other industrialized countries, including the record-setting spike in oil prices in 2000 (larger than the 1973, 1979, and 1990 shocks in nominal terms). Our work also bears on the question of how much credit falling oil prices deserve for the relatively low levels of price inflation throughout the 1990s. 1 We estimate the effects of oil price changes on inflation for the United States, United Kingdom, France, Germany, and Japan using an augmented Phillips curve framework. Because oil prices are a component of our Phillips curve model, answers to these questions can be read directly from parameter estimates. We supplement the traditional Phillips curve approach taking into account the growing body of evidence suggesting (1) that oil prices may have asymmetric and nonlinear effects on output and (2) that structural instabilities may exist in those relationships. Davis and Haltiwanger [2001] , for example, view the evidence for asymmetric responses to oil price ups and downs as well established. Others have argued [Lee, Ni, and Ratti, 1995 and Hamilton, 1996a; 1999] that large or surprising oil price shocks have proportionally larger effects. Not surprisingly, Hooker [1999] finds that many of these statistical results are sensitive to model specification and sample period considered.
In deference to the controversy over a structural-break in the oil price/inflation relationship, we focus our estimation on the period 1980Q1 to 2001Q4. 2 We find that the abrupt oil price increases experienced in the late 1990s had only modest inflationary effects although differences in the size of the effects exist across the United States, Japan, and Europe. The econometric evidence for this result is fairly robust to different specifications of the Phillips Curve relationship, oil price shocks, and lag lengths.
Inflation in the 1990s
The average inflation rate in the United States during the 1990s was unexceptional.
Inflation was lower in the 1950s and 1960s than it was in the 1990s. There was, however, less inflation in the 1990s than there was in the 1980s and especially the 1970s. The 1990s look more distinctive once we look at the variability of inflation. As measured by its standard deviation, inflation was only one-third as volatile during the 1990s as it was during the 1980s. It was 24 percent less volatile during the 1990s than during the 1960s, the second-best decade as ranked by inflation volatility. Inflation during the 1990s was perhaps more notable when viewed against the backdrop of prevailing economic conditions.
During the 1990s, price inflation in the United States and most industrialized countries was stable or even decelerating despite generally rising economic activity and tightening labor markets ( Figure 1 ). Policy makers reveled in the coexistence of a strong economy with low inflation. Predictions by economists, however, tended to overstate underlying inflation pressures in many countries, perhaps providing evidence if an inadequate understanding of the inflation process. One plausible explanation for the unexpectedly slow rise in prices relative to wages was that economies benefited from favorable supply shocks from the energy sector throughout much of the decade. 
U.S. Oil and General Price Inflation
The precipitous run-up of oil prices beginning in 2000 was preceded by an exceptionally weak oil market. Early in the fall of 1998 several elements combined to weaken energy oil demand and prices in the United States. They included a drop in the demand for heating fuel and lowered expectations of continued strong commitment to production cutbacks by OPEC producers. The world-wide rate of oil inventory accumulation averaged about 1 million barrels per day in 1998, completing a 3-year run of storage builds totaling about 730 million barrels or well over 9 days of supply. This increase in stock levels was a major force in keeping downward pressure on oil prices in the U. S. throughout 1999 (Figure 2 ). 18 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 Only one year later uncertainty, volatility, and inflexibility characterized the oil market.
Industry stocks of crude and refined products were low during 2000, roughly in line with levels in 1996 when demand was 6 per cent below 2000 levels. With so little margin to meet unexpected demand increases, the market was exposed to disruptions and the threat of regional supply imbalances. The benchmark one-month forward price of crude oil peaked at $37.80. 
The Inflation Transmission Mechanism
Oil price spikes pose a difficult problem for central bankers. An increase in the price of oil, for instance, raises firms' costs and the prices they charge for their products. Holding nonenergy prices constant, this tends to raise inflation and, for given level of aggregate demand, pushes the economy toward recession. The central bank then has a choice between implementing a contractionary monetary policy to fight inflation and an expansionary policy to fight recession.
In the face of supply shocks, the Fed cannot stabilize inflation and the real economy simultaneously.
Why might inflationary pressures from rising oil prices differ across countries? The implications of higher energy prices on inflation depend, in part, on how important energy is in the economy. 3 The importance of oil in production and consumption across countries (differences in energy intensities of production) may, however, be offset by differences in inflationary transmission mechanisms with respect to wage setting institutions. The U.S. and Japan use far more oil per dollar of GDP in production than other developed countries.
Americans consume on average 24 million barrels per day of oil last year, according to the International Energy Agency, and Europe, roughly the same population size as the U.S., consumes about 15 million barrels per day. European economies, however, have stronger unions and institutional arrangements which may cause them to be more prone to wage-price spirals.
Energy intensity (as measured by the energy consumption/GDP ratio) is now substantially lower in the United States than it was in earlier decades. Indeed, from 1973 through 1999 the energy intensity of the U.S. economy declined by 41 percent. Petroleum intensity declined by 50 percent. Part of the change in intensity is due to the energy conservationinducing effects of higher real energy prices in the 1970's and early 1980's. Another part is due to the changing structure of U.S. industry, with a declining share of manufacturing and a growing share of a less energy intensive services.
Nonetheless, the energy intensity of the U.S. economy is still far greater than any other European country, as illustrated in Figure 3 . The United States produces, on a purchasing-priceparity basis, nearly three times as much as the United Kingdom, France, and Germany, but consumes between 6 to 9 times as much energy. Part of the explanation for the disparity is that retail energy prices are greater in Europe. 4 Although international markets exist for most energy commodities, after-tax retail prices differ markedly across countries. For example, in 1999 the retail price of gasoline in the United Kingdom was nearly a dollar a liter more than gasoline in the United States. Gasoline in France was $0.68 more and Germany was $0.60 more than gasoline in the U.S. Similar patterns hold for natural gas and electricity.
There are two main reasons that European inflation is believed to respond more to oil price increases. First, labor unions are more powerful in Europe than in the United States and unions are more likely to extract higher wage concessions in response to rising consumer prices for energy. Second, because product market competition is less intense, European producers are more likely to pass along wage costs to consumers in the form of higher prices. Hence, oil price boosts are more likely to trigger a wage-price spiral in Europe, whereas in the United States workers are more likely to absorb higher oil prices through higher fuel prices and increases in other energy intensive goods and services. The economic power of trade unions in Europe to affect wages was reflected in the two oil shocks of the mid-1970s and early 1980s. Trade union calls for permanent higher wages are generally credited with the increase in unemployment during this period. After the oil shocks were absorbed, the employment level was permanently reduced. This effect, observed in several European countries, is suggested by the step-wise increase in the unemployment rate following each oil shock. In contrast, in the U.S., where unions may have been less 'hard-line', unemployment rates increased at the time of each oil shock but then reverted towards earlier levels. 5 To the extent that European trade unions have seen their bargaining power diminish over the past three decades, and product market liberalization has occurred under EU auspices, we should expect the sensitivity of European prices to oil price shocks to have diminished.
Oil Prices and the Philips Curve
The economics literature provides no consensus regarding a theoretical framework for explaining how changing oil prices affect economic activity. Researchers have identified a range of potential mechanisms arguing alternatively that oil primarily affects the economy by increasing input costs, increasing investment uncertainty, as a shock to the aggregate price level which reduces real money balances, and/or as a relative shock leading to costly resource reallocation among sectors. Compounding the problem of identifying the actual pathway of the oil price effects is that the effects are difficult to discern and estimate because monetary policy can mask the effects of oil price movements.
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The most obvious indicator of an oil price shock is the nominal oil price. In an early article, Hamilton shows that increases in the nominal price of oil Granger-causes downturns in economic activity. However, more recent data have shown this simple measure to have a rather unstable relationship with macroeconomic outcomes, leading subsequent researchers to employ increasingly complicated specifications of the "true" relationship between oil and the economy.
In particular, Hamilton more recently [1996] argues that the correct measure of oil shocks depends on the how the price of oil affects the economy.
Hamilton has proposed a more complicated measure of oil price changes: the "net oil price increase." The measure distinguishes between oil price increases that establish new highs relative to recent experience and increases that simply reverse recent decreases. For quarterly data, the "net oil price increase" compares the price of oil each quarter with the maximum value observed during the preceding four quarters. If the value for the current quarter exceeds the previous year's maximum, the percentage change over the previous year's maximum is plotted.
If the price of oil in quarter t is lower than it had been at some point during the previous four quarters, the series is defined to be zero for date t. This calculation makes clear that most of the individual price increases observed since 1986 were simply corrections to earlier declines.
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In addition to Hamilton's "net oil price" measure, the energy economics literature provides many alternative indicators of oil price shocks. Those proposed by Ferderer [1996] and Lee, Ni, and Ratti [1995] for example, focus on the volatility of oil prices rather than the 6 Hoover and Perez [1994] model oil price shocks as a dummy variable for the spike periods, and they are nearly coincident with the Romer and Romer [1989] monetary contraction dummies. 7 Hamilton provides some evidence for the usefulness of this variable, using semi-parametric methods, and Hooker also finds it to perform well, in the sense of having a relatively stable relationship with macroeconomic variables.
level. Mork [1989] proposed an asymmetric relation in which the regressor is given by the magnitude of the oil price change when oil prices increase but equal to zero when oil prices decrease.
The view expressed by Hamilton [1996a, b] is that oil shocks affect the macroeconomy primarily by depressing demand for key consumption and investment goods. Historical oil crises have been characterized by widespread concern about the price and availability of energy, concerns which could well cause certain irreversible investment decisions to be postponed. Our concern in this study is not on real economic effects, but rather the inflationary effects of oil price increases. For our purposes, the exact channels through which oil affects the economy are not crucial. What matters is that one can identify an exogenous movement in the price of oil that has a significant and a priori plausible reduced-form impact on inflation.
The U. S. Oil Price-Inflation Relationship
Inflationary pressures manifest themselves when the overall demand for goods and services grows faster than the supply, causing a decrease in the amount of unused productive resources. Economists have measured economic slack in various ways. Perhaps, the most common measure is the unemployment rate, which measures unused resources in the labor market. Another measure of slack is the real output gap, the estimated difference between actual real output and the economy's potential output. The main difficulty with output gap measures is that they depend on assumptions about the behavior of potential output, an area of macroeconomics where there is little consensus. Monetary policy is also a candidate explanation for any sustained change in the inflation process. Indeed, in the 1970s, many economists argued that relative price changes, even as large as the OPEC oil shocks, would only be inflationary if accommodated by monetary policy.
We utilize a short-run Phillips curve to describe the tradeoff between inflation (the log change in the All Items CPI-U) and a measure of economic slack, along with other variables that affect the price level by changing the cost of producing goods and services. Crude oil prices are included in the Phillips curve to test the proposition that petroleum prices are not only important in production, petroleum is used to produce and transport a wide range of goods and services, but also as a harbinger of inflationary pressure which may exceed its importance as a productive input. In addition, we also include interest rates (log change Federal Funds rate) as a measure of monetary policy (the data are described in greater detail in the Data Appendix). Our assumption that monetary policy works strictly through interest rates is conservative, as it ignores other policy channels. We relax this assumption by including the effective exchange rate as an exogenous variable in selected models.
We report results for the unemployment rate, as a measure of economic slack, and three 
where (L) signifies a polynomial in the lag operator and ε is the iid error term.
Parameter estimates and associated statistics, for a U.S. Benchmark Model (percentage change in nominal oil prices), a Hamilton Net Price Model, and an Asymmetric Price Effects
Model are reported in Table 1 . These results are from the set of preferred specifications as measured by parameter parsimony, statistical fit, and plausibility of the estimated lag structure. Kingdom, France, Germany, and Japan are larger than those estimated using the Benchmark Model.
In the most general model specification (including an extended lag length and the effective exchange rate variable) the United Kingdom has the highest estimated one-year inflationary effect (2.5 percentage points) followed by Japan (1.1 percentage points) and the United States (0.8 percentage points). The model specification has a precipitous impact on the inflationary estimate for the United Kingdom, important impact on the estimate for Japan, and only modest impacts for France, Germany, and United States. Our results suggest that the large differences in energy intensity of GDP in the United
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States and Japan are offset by institutional relationships in Europe as a whole. However, significant differences are apparent when the European Community is disaggregated.
Inflationary effects for Germany and France are less pronounced than for the United Kingdom, Japan, and the United States with France being strikingly so.
Our model-based estimates are consistent with more casual observations of economic data. The rise in the oil price after early 1999 had little effect on underlying inflation trends in the U.S., Japan, or Europe. It modestly raised core consumer price inflation in the United States and the Euro area, but had little effect on other consumer or producer prices. The year-on-year increase in consumer prices excluding energy drifted up only slightly in both the United States and the Euro area. In addition, oil price developments did not appear to have given a push to wages. In the United States, despite a tight labor market, the growth rate of hourly earnings after accounting for productivity change showed only a modest increase. Similarly, wage growth after accounting for productivity change in Europe actually declined slightly. There were also no signs of higher longer-term inflation expectations as derived from the difference in yields on indexlinked and conventional bonds.
Conclusions
The modest expected inflationary impact in the United States, Europe, and Japan contrasts with the 1970's episode of oil price hikes, when a wage-price spiral was put in motion.
In addition to the reduction in oil intensity, several factors may account for the weaker inflation effects. The reduction of formal or informal backward-looking wage indexing arrangements removed the mechanism that passed energy price increases quickly through the economy in past oil shocks. The strengthening of competition in product markets has slowed down and/or limited the extent to which oil prices and induced wage effects can be passed on to customers. Finally, monetary policy has not provided the basis for a sustained change in the inflation process.
Indeed, in the 1970s, many economists argued that relative price changes, even as large as the OPEC oil shocks, would only be inflationary if accommodated by monetary policy. The greater importance attached to price stability as a goal of monetary policy implies that oil-induced wageprice spirals are not being validated or encouraged by an accommodative policy stance.
Our statistical estimates suggest current oil price increases are likely to have only a modest effect on inflation in the U.S, Japan, and Europe. Oil price increases of as much as 10 percentage points will lead to direct inflationary increases of about 0.1-0.8 percentage points in the U.S. and the E.U. Inflation in Europe, traditionally thought to be more sensitive to oil prices than in the U.S., is unlikely to show any significant difference from the United States and in fact may be less in some countries. This suggests that in assessing the magnitude of effects, the higher energy intensity of the U.S. economy is counterbalanced by the increased inflationary pressures from stronger labor unions in Europe. Furthermore, depending on the state of the euro, inflation in Europe may be indirectly increased relative to the U.S. by an exchange rate effect associated with a dollar denominated oil price.
